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The present invention relates to a device for monitoring the quality of purified water, particularly for 
biological purification plants and the like. 

As is known, monitoring of activated-sludge municipal purification plants is performed by measuring the 
functional parameters of the individual compartments of the plant and of the machines. 
5 This measurement is performed by: 

- measuring functional data: PH, temperature, conductivity, dissolved oxygen, pump operation hours 
(therefore approximately 95% of the daily flow rates), aeration hours, volume of sludge in 11/30* cone 
(VF); 

- retrieving sludge samples: under aeration for microscopic investigations and dry content measurement 
70 (ssa); under recirculation for dry content measurement (ssr). 

Measured and calculated parameters provide additional data, such as the Mo hi am index (Im), recircula- 
tion ratio, sludge load (with input analyses), and settling solid load. 

Occasional retrieval of samples at the input and at the output furthermore allows to determine the input 
load, its biodegradability, purification efficiencies, and most of ail whether the output parameters comply 
75 with the applicable statutory provisions. 

In normal municipal purification plants (and generally in biological activated-sludge plants), chemical 
analyses are performed only occasionally: in the best of cases, every week, usually every month or two if 
not more. 

In order to obtain a more frequent indication between successive analyses of the quality of the purified 
20 water and to make the related parameters fall within the limits prescribed by the applicable statutory 
provisions, water monitoring is performed by considering that if the plant is running correctly, the output 
water is clear and quite probably the parameters are within the limits set by the law. 

In terms of plant organization, the indication is obtained by measuring the "clarity" of the water and by 
creating a scale graduated from 0 to 10, where 0 indicates highly polluted water and 10 indicates very clear 
25 water with parameters within the limits of the law. 

Known devices used to monitor sludge-based purification plants currently measure only the value of the 
clarity of the output water and are unable to give indications as to the presence of individual substances in 
the water. Furthermore, known devices require the retrieval of a sample of the output water, which is 
introduced in the clarity-measuring device. 
30 In this manner it is not possible to monitor the output water continuously and without the aid of an 
operator. 

Known devices furthermore do not indicate the probable content of the individual substances present in 
the water to be monitored. 

A principal aim of the present invention is to eliminate the drawbacks described above by providing a 
35 device for the continuous monitoring of the quality of purified water, particularly for biological purification 
plants and the like, which is capable of providing the values of the quality of the purified water and the 
related percentages of reliability, so that the parameters of the purified water are within the limits of the law. 

Within the scope of the above aim, an object of the present invention is to provide a device that 
provides the user with the above mentioned values and with the associated percentages in a continuous 
40 manner. 

Another object of the present invention is to provide a device that can be easily installed in purification 
plants. 

Another object of the present invention is to provide a device that does not require recharging 
electrolytes or solutions. 

45 Another object of the present invention is to provide a device which is highly reliable, relatively easy to 
manufacture and at competitive costs. 

With this aim, these objects and others in view, which will become apparent hereinafter, the invention 
provides a device for monitoring the quality of purified water, particularly for biological purification plants 
and the like, which comprises means for measuring the clarity of water and reading means suitable to 
so generate a signal that is proportional to the clarity of the water to be monitored, characterized in that it 
comprises monitoring means that are suitable to determine the percentage of reliability of the amount of 
noxious substances in said water to be monitored, as a function of the measured clarity value. 

Further characteristics and advantages of the invention will become apparent from the following detailed 
description of a preferred but not exclusive embodiment thereof, illustrated only by way of non-limitative 
55 example in the accompanying drawings, wherein: 

figure 1 is an electrical block diagram of the device according to the present invention; 

figure 2 is an axial sectional view of the measurement probe according to the present invention; 

figure 3 is a front view of the visualization means of the device according to the present invention. 
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With reference to figure 1, the reference numeral 1 designates the device according to the present 
invention. The reference numeral 2 designates the probe for measuring the clarity of the purified water; said 
probe is normally immersed in the output water of the purifying plant. The output of the measurement probe 
is constituted by a first illuminating optical fiber 3 and by a second return optical fiber 4. 

5 As shown in figure 2, the probe 2 comprises the two optical fibers 3 and 4, which are joined in a single 
input/output terminal 14. A reflector 15 is arranged in front of the terminal 14 and reflects the light signal 
from the first optical fiber 3 towards the inlet of the second optical fiber 4. The inclination of the reflector 15 
is calibrated so as to obtain an optimum response light signal. The optical fibers 3 and 4, the terminal 14 
and the reflector 15 are mounted on a rigid support 19 made of stainless steel. The probe 2 is furthermore 

io placed in a chamber 16 that has a water inlet 17 and a water outlet 18. The chamber 16, containing the 
probe 2, is immersed in the water leaving the purification plant. The openings 17 and 18 allow circulation of 
the water inside the chamber 16 and between the terminal 14 and the reflector 15. 

The two optical fibers 3 and 4 are connected to a photocell unit 5, which emits the light signal, by 
means of a built-in fluorescent lamp, for the first optical fiber 3 and measures the signal arriving from the 

is second optical fiber 4. The photocell unit 5 furthermore converts the difference between the emitted light 
signal and the received light signal into an analog DC signal on the order of 4-20 mA, according to the 
difference measured. This difference between the light signals is proportional to the clarity of the water in 
which the measurement probe is immersed. 

The output of the photocell unit 5 is sent to an analog-digital converter 6 which is included in monitoring 

20 means 7. The converter 6 converts the analog signal arriving from the photocell unit 5 into a digital signal 
that can be read by a microprocessor 8 of the monitoring means 7. The microprocessor is furthermore 
provided with a random-access memory 9 and with a wave-shaping circuit 10. 

Visualization means, constituted by a panel 1 1 provided with LEDs and with an X-Y recorder, are driven 
by the monitoring means 7. 

25 A power supply unit 12, which is supplied at mains voltage, is connected to the photocell unit 5, to the 
monitoring means 7 and to the visualization panel 11 so that they are supplied with low-voltage power. 

Finally, an external computer 13 is connected to the monitoring means 7. Such computer may be an 
IBM PC compatible computer which has an Intel 80386 processor and 2Mb of RAM, an interace card. The 
computer 13 may be supplied with a printer which prints the required data (plant, year, month, day, hour, 

30 minutes, % of probability, graphs). Such data may also be stored on the hard disk or diskettes of the PC 
13. 

The microprocessor 8, or the computer 13, provide the data related to reliability to make the purified 
water fall within the limits set by the applicable statutory provisions with a clarity reading. 

In order to set up the microprocessor 8 and/or the computer 13, clarity readings have been correlated 
35 with various sample dilutions for a given number of purified water samples, obtaining, on a logarithmic 
scale, an interpolated straight line of the form: 

Y = 2a -a log. X (1) 

40 where Y is the percentage of dilution, X is the clarity reading of the sample, and a is the gradient of the 
straight line. 

From the above equation it has been possible to obtain the function that provides the reading value X1 
of a sample that is diluted with the percentage Y1, assuming that it initially had a clarity value Xo. The 
equation is in fact: 

45 

X1 = Xo + K (KT™* - 10- Yo/a ) (2) 

where X1 is the clarity value calculated for a sample diluted/concentrated at the percentage of Y1 ; Xo is the 
initial clarity reading; K is the constant, which is equal to the reference clarity value; Y1 is the ideal sample 
50 concentration for clarity X1; and Yo is the ideal sample concentration for clarity Xo. 

This last equation has the purpose of correlating the various clarity readings Xo measured on the 
samples with the reading X1 related to the sample diluted or concentrated by the factor Y1 . 

For example, the clarity of a sample of water is measured as Xo = 60. Laboratory analyses show that 
BODS substance is equal to 50 ppm. In order to comply with Table A of Italian Law no. 319/76, BOD5 must 
55 be equal to 40 ppm. If the sample is diluted at the ratio 40:50 = 80% (80 cc of sample in 100 cc), one 
obtains the reading X1 = 66.13 (calculated with equation (2)). 

It is necessary to perform these checks on a large number of water samples (more than 200) in order to 
obtain water clarity values X1 regarding the most significant parameters, such as: sedimentation solids, 
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70 



75 



20 



25 



30 



suspended solids, BOD5, COD, total reduced nitrogen Kj, ammonia nitrogen, total phosphorus, MBAS 
surfactants, nitrates, etc. 

For input samples, since clarity readings are close to zero, it is necessary to perform dilutions and 
measure clarity, checking that the value Xo is close to zero by means of equation (2). 

The values obtained are processed in order to obtain frequency groups and average values. The curves 
of equations (1) and (2) allow to determine the percentages of reliability required for the water, for a clarity 
reading X, to be within the limits of the law (Table A, Law no. 319/76). 

The following table shows an example of the percentages of reliability for a group of plants. 

MEASURED CLARITY VALUES 

PARAMETERS 





20 


30 


40 


50 


60 


70 


80 


90 


SEDIM. SOLIDS 


0 


57 


71 


71 


86 


98 






SUSP. SOLIDS 


54 


54 


62 


89 


91 


92 


94 


98 


BOD5 


15 


15 


23 


38 


54 


77 


98 




COD 


15 


38 


38 


77 


92 


98 






TOTAL NITR. Kj 


86 


98 














AMMONIA NITROGEN 


31 


31 


38 


38 


38 


62 


92 


98 


TOTAL PHOSPHORUS 


58 


67 


75 


83 


83 


83 


83 


98 


MBAS 


77 


85 


98 













The clarity value of 95 is the value for distilled water. 

The table calculated and stored by the microprocessor 8 and/or computer 13 allows to obtain the 
35 percentages of reliability for the individual substances: if the clarity reading is 50, there is a 38% possibility 
that BOD5 is within Table A of Law no. 316/76, a 77% probability for COD, and 98% for total reduced 
nitrogen Kj (TOTAL NITR. Kj). 

The water entering purification plants, whether diluted or not, usually has higher reliability percentages. 

In this manner, the microprocessor 8 can determine the percentages of reliability of the water in which 
40 the measurement probe 2 is immersed. 

The visualization means 11, shown in figure 3, include a plurality of light-emitting diodes (LED), divided 
into two sections 20a and 20b. Each diode of each section corresponds to a particular substance for which 
the reliability percentage is measured, so that each substance has two diodes divided between the two 
sections 20a and 20b. The diodes of the section 20a visualize that a particular substance is within the 
45 reliability limit, whereas the diodes of the section 20b visualize that a particular substance exceeds the 
reliability limit. The diodes of the two sections preferably have different colors. 

A recorder 21 is included in the visualization means 1 1 . The recorder 21 comprises a digital display 22 
which displays a single percentage (the "grade") of the purified water. The recorder furthermore has an X-Y 
display 23 that can display the trend of this single percentage over time, 
so Alternatively, such results may be displayed on the screen of the computer 1 3. 

Operation of the device according to the present invention is as follows. The measurement probe 2, 
together with its chamber 16, is immersed in the water to be monitored of the purification plant (typically at 
a depth between 15 and 100cm). Due to the current, the water of the purification plant is forced into the 
chamber 16 of the measurement probe by means of the inlet 17. In the same manner, the water can freely 
55 flow out of the chamber 16 through the outlet 18, thus allowing the water to be monitored to circulate inside 
the chamber 16 and between the reflector 15 and the terminal 14 of the two optical fibers. 

The photocell unit sends, by means of the built-in fluorescent lamp, a light beam over the first optical 
fiber 3. The light beam is reflected by the reflector 15 and returns to the photocell unit 5 over the second 
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optical fiber 4. 

The reflected tight beam is weaker than the transmitted beam, since the particles suspended and 
dissolved in the water interfere and scatter part of the light beam. The reflected beam that returns to the 
photocell unit 5 is thus weaker than the emitted one. The amount of scattered light depends on the size, 

5 concentration and composition of the dissolved or suspended particles that are present. 

The difference between the emitted light beam and the reflected one is measured by the unit 5 and 
converted into a DC signal. This signal is sent to the A/D converter 6, which converts it into a numeral 
corresponding to the clarity of the measured liquid, which is comprised between a minimum value and a 
maximum value that are set on a scale chosen at will (for example from 0 to 100). 

10 The numeral is then compared with the values of the above listed table, calculated by the microproces- 
sor 8 and stored in the memory 9. 

It should be stressed that the above listed table is only an example of a possible table based on a 
certain number of samples and plants. An important aspect of the invention is that it is possible to update 
the table continuously, either by means of the computer 13 or directly by means of the microprocessor 8, 

75 with new data from new analyses, making the substance reliability percentages approach 100% ever more 
closely. 

The monitoring means 7 then switch on the diodes of the visualization means 1 1 as a function of the 

reliability percentage measured from water clarity. 

The monitoring means 7 are set so that the diodes of section 20a switch on only when the reliability 
20 percentages exceed a certain threshold (for example 90%). The thresholds are set according to the 

accuracy (reliability) of the table stored in the memory 9. The accuracy of the table, i.e. the closeness of the 

reliability percentages to 100%, is improved by updating with data from new analyses, as described above. 

Furthermore, by checking clarity readings against analyses it is possible to build percentage curves for the 

individual substances for each plant, increasing reliability of said readings. 
25 if a particular substance is within the reliability limit, the appropriately provided diode of the section 20a 

switches on; if a particular substance instead exceeds the reliability limit, the related diode of the section 

20b switches on. 

Furthermore, the microprocessor 8 or the computer 13 calculates a single water reliability percentage 
which is displayed on the digital display 22 of the recorder. This numeral is considered as the quality 
30 "grade" assigned to the water to be monitored. 

Finally, the X-Y display 23 visualizes the trend of this single percentage (the "grade") over time. 
The quality of the water can be measured continuously, obtaining round-the-clock monitoring. 
The invention thus conceived is susceptible to numerous modifications and variations, all of which are 
within the scope of the inventive concept. 
35 For example, the probe may be supplied with pneumatic cleaning means which may clean the interior 
of the chamber 16 and in particular the space between the reflector 15 and the two optical fibers 3 and 4. 

The device according to the present invention can be used in other applications, such as the continuous 
monitoring of lakes and rivers. 

Finally, all the details may be replaced with other technically equivalent ones. 
40 In practice, the materials employed, as well as the shapes and dimensions, may be any according to 
the requirements without thereby abandoning the scope of the protection of the following claims. 

Where technical features mentioned in any claim are followed by reference signs, those reference signs 
have been included for the sole purpose of increasing the intelligibility of the claims and accordingly such 
reference signs do not have any limiting effect on the scope of each element identified by way of example 
45 by such reference signs. 

Claims 

1. Device for monitoring the quality of purified water, particularly for biological purification plants and the 
so like, which comprises means (2) for measuring the clarity of water and reading means (5) suitable to 
generate a signal that is proportional to the clarity of the water to be monitored, characterized in that it 
comprises monitoring means (7) that determine the percentage of reliability of the amount of noxious 
substances in said water to be monitored, as a function of the measured clarity value. 

55 2. Device according to claim 1, characterized in that said monitoring means (7) comprise processing 
means (8,13) that convert said signal, which is proportional to the clarity of the water to be monitored, 
into percentages of reliability regarding the presence of noxious substances in said water to be 
monitored. 
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3. Device according to one or more of the preceding claims, characterized in that said processing means 
(8,13) provide said values of said percentages as a function of empirical data obtained from a plurality 
of analyses of said water to be monitored. 

5 4. Device according to one or more of the preceding claims, characterized in that said processing means 
(8,13) are updated continuously with new empirical data obtained from new analyses. 

5. Device according to one or more of the preceding claims, characterized in that said measurement 
means (2) are constituted by a measurement probe that comprises means (3) for illuminating said water 

w to be monitored, means (15) for reflecting the light emitted by said illumination means (3), means (4) 
for receiving the light reflected by said reflection means (15), said water to be monitored being 
interposed between said illumination (3) and receiving means (4) and said reflection means (15). 

6. Device according to one or more of the preceding claims, characterized in that said means (2) for 
75 measuring the clarity of said water to be monitored are inserted in a chamber (16) immersed in said 

water to be monitored, said chamber comprising at least one inlet (18) and one outlet (17), said ports 
allowing the circulation of said water to be monitored between said illumination (3) and receiving means 
(4) and said reflection means (15). 

20 7. Device according to one or more of the preceding claims, characterized in that said illumination means 
(3) and said means (4) for receiving the reflected light are constituted by optical fibers. 

8. Device according to one or more of the preceding claims, characterized in that said reading means (5) 
comprise a fluorescent lamp for emitting said emitted light and a photocell for measuring said reflected 

25 light. 

9. Device according to one or more of the preceding claims, characterized in that said monitoring means 
(7) comprise an analog-digital converter (6) which converts the signal originating from said reading 
means (5) into a signal that can be read by said processing means (8). 

30 

10. Device according to one or more of the preceding claims, characterized in that it comprises visualiza- 
tion means (11) which are associated with said monitoring means (7), said visualization means (11) 
indicating the amount of at least one of said noxious substances in said water to be monitored with 
respect to a preset threshold. 

35 

11. Device according to one or more of the preceding claims, characterized in that said visualization means 
(1 1) comprise a recorder (21) for displaying said reliability percentages. 

12. Device according to one or more of the preceding claims, characterized in that said visualization means 
ao (11) comprise a first section of diodes (20b) and a second section (20a) of diodes, each diode of said 

sections corresponding to a substance which is present in the water to be monitored, each one of said 
diodes of said first section (20b) being suitable to visualize that the amount of said substance is higher 
than said threshold, each one of said diodes of said second section (20a) being suitable to visualize 
that the amount of said substance is lower than said threshold. 

45 



50 



55 
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© In a device for monitoring the quality of purified 
water, particularly for biological purification plants, an 
optical probe (2) comprises two optical fibres (3,4) 
connected in a single terminal (14). A reflector (15) 
placed in front of terminal (14) reflects light from (3) 
to the second fibre (4). Fibres (3,4), terminal (14), 
and reflector (15) are mounted on a rigid stainless 
steel support (19) and the probe (2) is placed in 
chamber (16) with water inlet (17) and outlet (18) 
connected to the plant. The photocell (5) measures 
the difference between the emitted and received 
light signals, which difference is proportional to the 
turbidity of the water. The output from (5) is supplied 
to computer (7) via analogue-digital converter (6). 
The computer also has RAM (9) and wave-shaping 
circuit (10) together with display means (11), and is 
connected to external computer (13). Turbidity val- 
ues are correlated using regression analysis to prob- 
abilities that the concentrations of noxious compo- 
nents satisfy legal requirements. 
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